Boron and Li are light, incompatible elements that preferentially partition into the liquid phase, whether melt or aqueous fluid, and thus are useful for tracking fluid-related processes in rocks. Most of the Li isotopic data presently available on subduction-related rocks are from whole-rock analyses; and the B isotopic analyses of subduction material have been carried out either on whole-rocks or in-situ on an accessory phase, such as tourmaline. The new method presented here couples an ESI New Wave UP-193-FX ArF* (193 nm) excimer laser-ablation microscope with a Neptune Plus (Thermo Scientific) MC-ICP-MS aiming to measure both Li and B isotopes in situ with good spatial resolution (metamorphic minerals are commonly chemically zoned, and whole-rock analyses lose this detail). The data thus obtained are compared with SIMS analyses on the same mineral samples for B, and with MC-ICP-MS analyses on whole-rock or mineral separates from the same sample for Li. Additionally, data acquired on tourmaline standards were compared to SIMS values. The results show that for B concentrations above 5 μg/g, the data obtained by LA-MC-ICP-MS and by SIMS are identical within error, for mica (phengitic muscovite), pyroxene (jadeite), serpentine (antigorite), and tourmaline. For Li concentrations above 10 μg/g, the data obtained by LA-MC-ICP-MS and by MC-ICP-MS are also identical, within error, for mica (phengitic muscovite), and pyroxene (jadeite). However, analyses of tourmaline standards have shown significant differences with reference values, so LA-MC-ICP-MS does not yet appear to be an appropriate method to analyze Li isotopes in tourmalines. Thus, LA-MC-ICP-MS is a suitable method to measure Li and B isotopes with good spatial resolution in major rock-forming silicates from subductionrelated rocks where concentrations exceed 10 μg/g and 5 μg/g, respectively, with an error on individual measurements equal to or less than previously used methods, but obtainable in a significantly shorter amount of time. The external reproducibility is ± 2.88 to 3.31 ‰ for B and ± 1.50 to 1.75 for Li, which is lower than or equal to the variations encountered within a given chemically zoned sample (up to 10 ‰ of variation within a given natural sample).
Introduction
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4 from subduction zones record significant chemical zoning (e.g., Essene and Fyfe, 1967; Harlow, 1994; Harlow et al., 2015) , therefore it is important to measure both Li and B isotopes in correlation with the zoning to accurately assess the geochemical processes responsible for the variations, particularly the successive pulses of fluids. A similar in situ method was developed for B isotopes in carbonates (Fietzke et al., 2010) and tourmalines (Míková et al., 2014) but based on the importance of B as a fluid tracer in subduction processes, we believed it was necessary to validate this method for major silicates (mica, pyroxene, and serpentine) in subduction-related rocks. To our knowledge, only one paper was published on Li isotopes acquired by LA-MC-ICP-MS, on synthetic and natural glasses (LeRoux, 2010) . As for B, we estimated it was necessary to validate this in situ method on a larger range of minerals encountered in subduction zones.
Experimental
Laser ablation coupled with multi-collector mass spectrometer (LA-MC-ICP-MS)
Lithium and boron isotopic ratios have been measured in situ using LA-MC-ICP-MS at LamontDoherty Earth Observatory (LDEO -Columbia University). The system couples an ESI New B. Ion counters are used to increase the available signal for low-B samples and/or permit reduced spot sizes. The Neptune Plus also produces Li-peaks with flat tops when working at both low (LR) and medium (MR) mass resolution ( Fig. 1b and 1c ). Li isotopes are measured using two Faraday cups over a mass range of 6-7 amu, which allows simultaneous measurement of 6 Li and 7
Li.
The intensities measured for 6 Li, (Catanzaro et al., 1970) , and the reported ratios of 4.041 (Fietzke et al., 2010) and 4.048 (Jochum and Stoll, 2008) (Flesch et al., 1973) , and the reported ratios of 12.568 and 12.553 (Kasemann et al., 2005) were taken for NIST 610 and NIST 612, respectively.
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At a given energy, changing the laser spot size induces a change in the fluence (monitored energy density) at the sample surface, which in turn, generates an isotopic fractionation. By lasering the same standard and only varying the spot size, we observed an isotopic deviation 7 that is strongly correlated to the intensity of the signal. A plot of signal intensity versus measured δ 11 B or δ 7
Li yields a straight line: R 2 = 0.92 to 0.99, (Fig 2a, 2b , the different correlations correspond to different analytical sessions for B) from which equations (iii B and iii Li ) will be used to yield a corrected result:
, and
where is the slope and is the intercept of the straight line plot for B analyses, c is the slope Li meas ), and the uncertainties on the different parameters of the equations (iii), determined with Isoplot software (Ludwig et al., 1999) . The averages are given with uncertainties of 2 Standard Deviation (2 S.D.).
The laser spot size and mass resolution need to be adjusted to produce signals of comparable intensities ([B] = 6 to 17,000 µg/g, [Li] = 15 to 18,000 µg/g) for standards and samples. For measuring B isotopes, the laser spot diameter was varied from 25 µm for the tourmaline standard to 175 µm for samples when measurements were performed with Faraday cups; and from 10 to 175 µm, when measurements were performed with ion counters. However, most of the measurements on samples using Faraday cups were done with a 175µm spot size, and using ion counters a 25 to 175 µm spot size. For Li isotopes, the laser spot diameter was varied from 5 µm to 175 µm, but 150µm, in both LR and MR modes, was used predominantly.
Measurements were performed continuously along traverses measuring between 270 and 350 µm in length.
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It must be noted that for low intensities, (i.e., below 50,000 cps on 11 B) the deviation might not follow the regression line (Fig. 2a) . Consequently, the samples with B concentrations below ~ 3 -5 µg/g must still be analyzed by SIMS, which has a lower detection limit (below 0.5 µg/g, Marschall and Monteleone, 2014) .
All of these measurements were performed with a repetition rate of 10 Hz and a fluence of ~10 J/cm 2 on the sample surface. To clean the surface prior to measurement (to remove residues of carbon or gold coating, projection of material from a previous ablation track in close vicinity, or other contamination), a pre-ablation traverse was performed with a larger spot size (160 to 200% of the spot size used for analysis) and a lower frequency (5 Hz). Each analysis lasted between 1.5 and 2 minutes.
Additional techniques
Boron isotopes were also determined in situ by SIMS using a Cameca IMS1280 ion microprobe at the North-Eastern National Ion Microprobe Facility (NENIMF) at the Woods Hole Oceanographic Institution. The method described in detail by Marschall and Monteleone (2014) was used to perform analyses on pyroxene ( Si as an internal standard (or 31 P for a phosphate standard), quantification was performed via external calibration using several glass reference materials (USGS natural glasses BHVO, BIR and BCR). Based on the standards and settings described, external reproducibility for the elements measured was typically ca. 20% relative standard deviation.
Reference materials and samples
Samples ( (Table 1) . NIST SRM 610 and NIST SRM 612 are expected to be
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10 isotopically homogeneous for B isotopes (Kasemann et al., 2001 Li reported values from the literature for NIST SRM 610
against L-SVEC range from +22.7 ± 0.3 ‰ to +32.5 ± 1.3 ‰ (Kasemann et al., 2005 , Table 1 ).
The GeoReM preferred value, defined for standards with only few certified data available, is +32.5 ‰ (Jochum and Stoll, 2008) . These values were mostly obtained by SIMS and one by Table   1 ) and the GeoReM preferred value is +31.2 ‰ (Jochum and Stoll, 2008) . These values were obtained either by SIMS, TIMS, or MC-ICP-MS. Kasemann et al., (2005) highlighted that the values of δ 7
Li of NIST SRM 610 and NIST SRM 612 obtained by SIMS are systematically lower (by ~ 10 ‰) than the ones obtained by MC-ICP-MS and TIMS. They explained that difference as a matrix effect due to high Si content (up to 70 wt. % SiO 2 , whereas most of the natural basaltic glasses used as reference material (e.g., BHVO-1, BIR-1) contain around 50 wt. % SiO 2 ). However, NIST SRM 610 and NIST SRM 612 are considered isotopically homogeneous for Li when analyzed by SIMS. When NIST SRM 610 was used to bracket and monitor the isotopic measurement, i.e., in MR mode, NIST SRM 612 is measured as an unknown. When NIST SRM 612 was used to bracket and monitor the isotopic measurement, i.e., in LR mode, 
Results and discussion
Results on reference materials used for monitoring B after correction is +0.68 ± 3.31 ‰ (n = 262, Table 1 , Fig. 3b ). When NIST SRM 610 standard was used to monitor Li isotope measurements, it yielded a corrected average of +32.4 ± 1.5 ‰ (n = 50, Table 1 , Fig. 3c ) in MR mode. When NIST SRM 612 is used to monitor Li isotope measurements in LR mode, a 12 corrected average of +31.3 ± 1.7 ‰ (n = 102, Table 1 , Fig 3d) was obtained. The long-term reproducibility has to be considered on a large amount of data, and analyzed during each analytical session. Thus, the values of 2 S.D. obtained on NIST 610 and NIST 612 used for monitoring are taken as our external, long-term reproducibility. tourmaline if a non-matrix matched reference material is used to calibrate the measurements, which is lower than our method precision.
Results on reference materials
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Analysis of NIST SRM 612 standard as an unknown yielded a corrected average value of δ 7 Li = +28.9 ± 4.7 ‰ (n = 8, Table 1 , Fig. 5a ), in the range of the previously published values. For NIST SRM 610 standard, the average corrected value is δ 7 Li = +35.2 ± 8.0 ‰ (n = 24, Table 1 Li for each standard (Table 1) . Spodumene H-80017 might not be isotopically homogeneous, with values ranging from +19.1 ± 1.5 to +13.4 ± 1.2 % ( Li of +5.6 ± 0.2 ‰ (n = 2;
Marschall, pers. comm.). The LA-MC-ICPMS results are +23.6 ± 6.4 ‰ (n = 3, Table 1 ) in LR mode and +9.9 ± 2.7 ‰ (n = 10, Table 1 A recent paper demonstrated that tourmaline could incorporate significant amount of NH 4 (up to 500 µg/g in natural samples) in its crystal lattice (Wunder et al., 2015) . However, such interference would create a ca. 9 mV signal intensity that would be visible on a mass scan. Additionally, mica also incorporates significant amount of NH 4 , in the same order of magnitude as that recorded in tourmaline (e.g., Boyd, 1997; Wunder et al., 2015) , and its δ 7
Li is similar whether it is analyzed by MC-ICP-MS or LA-MC-ICPMS. Second, tourmaline is pyroelectric (e.g., Hawkins et al., 1995) , and it may have an impact on Li ion behavior in the sample or the laser cell. Third, the assignment of the trace-element cations to the crystallographic sites is still ambiguous in tourmaline (Henry et al., 2011 Brigatti and Guggenheim (2002) . Thus, if the NH 4 interference hypothesis is unlikely, there is the possibility that Li may reside in two different crystallographic sites and, consequently, with both different bonding and isotopic fractionation. We are exploring these possibilities.
Results on samples from the Guatemala Suture Zone
As these samples had not been analyzed for B isotopes by any method previously, measurements were performed by LA-MC-ICP-MS, using both Faraday cups and ion counters, and by SIMS, for comparison. Five samples from the Guatemala Suture Zone were selected. (Table 2) . This is likely due to the fact that the intensity of the signal can fluctuate during isotopic measurements, particularly during measurement with ion counters, and the intensity is not normalized. So, no estimation of the B concentrations can be made from LA-MC-ICP-MS or SIMS measurements; they must be determined by LA-ICP-MS.
For Li isotopes, we compared the values obtained by LA-MC-ICP-MS with previously published
values obtained by wet chemistry and MC-ICP-MS on the same samples from Guatemala (Simons et al., 2010) , specifically jadeite from jadeitite MVE02-8-5 and phengitic muscovite in mica-rocks MVJ84-29-1 and MVJ84-56-3. The results presented in Table 3 and Fig. 7a (Table 3 ), but not with the published value (Simons et al., 2010) . This might be due to an artifact in MC-ICP-MS measurements, or to the heterogeneity of the sample.
For the lithiophilite standard H-134825, the reference value (Dyar et al., 2001 ) and LA-ICP-MS measurement for Li concentration are similar, but the LA-MC-ICP-MS measurements lead to a significantly overestimated value (Table 1) . In this case, it is likely due to the use of the smallest spot available with the laser (diameter of 5µm), and according to the formula used for concentration calculation (given Table 1 
Summary and conclusions
The results presented here demonstrate that B and Li isotopes can be analyzed in-situ in intensity of signal on 7 Li for different spot sizes on NIST SRM 612 (LR). 
